The kinetics of the extraction of the overall extracted materials (resinoids), total hypericine, hypericine and pseudohypericine from amber (Hypericum perforatum L.) was investigated by the procedure of maceration both with and without ultra-sound, using methanol as the extractant. It was found that the period of fast extraction with intensification of the extraction of resinoid by ultra-sound was significantly shorter (about 20 minutes) than was needed for the extraction without ultra-sound (about 5 h). Similar results were also obtained for the extraction of the other tested substances. It can be concluded that better drug exploitation can be achieved in a much shorter extraction time by intensification of the extraction using ultra-sound. By preparation of herbal material through pulverization, a significant grade of herbal tissue structure disintegration was achieved, so that turbulent mass transfer plays a dominant role in the extraction. The results show that the coefficient values of fast extraction (b) are approximately the same for all the investigated kinetics.
INTRODUCTION
Plant species of the Hypericum genus are used as traditional medical plants in various parts of the world. Among them, Hypericum perforatum L., occupres a special place and is the most intensively studied species. 1 The great interest in H. perforatum L. was provoked by investigations that proved that it could be used as a virucidal drug and, even more, for the treatment of such diseases as aids. 2 From a pharmacological point of view, the hypericins are at present the most interesting compounds of H. perforatum L. The information on the use of hypericine (Scheme 1) and pseudohypericine (Scheme 2) in the modern pharmaceutical industry and medicine is readily available. [2] [3] [4] [5] [6] [7] During extraction of the herbal material, prepared by pulverization, wetting must first occur, then dissolvability and the fast transfer of the substance mass from the destroyed cells (period of fast extraction), and then the transfer of mass from the cells of non-destroyed herbal tissue (period of mass transfer by molecular diffusion). The process of diffusion starts from the moment of drug wetting and permeation of the extracts within the cells. The quantity of extracted matter in the period of fast extraction designates basically the extraction operation rate, and is expressed through the coefficient of fast extraction, b. 8, 9 Although H. perforatum L. is an extremely interesting herb species for the modern pharmaceutical industry, not sufficient attention has been given to the question of the kinetics of the extraction of the bioactive components from H. perforatum L. The objective of this study was to analyze the kinetics of the extraction of resinoids, total hypericine, hypericine and pseudohypericine from H. perforatum L.
EXPERIMENTAL

Plant material
The investigation in this work was performed on amber H. perforatum L. ssp. angustifolium picked at the locality of Sobina (Vranje surroundings, South Serbia, Yugoslavia). The plant material was dried at room temperature. For drug pulverization an electric mill (n = 1200 min -1 , Ø strokes = 60 mm) was used for drug pulverization and the middle diameter of the particles (de) was determined by granulometric analysis (de) = 0.183´10 -3 m).
The extraction obtained by process of maceration and intensification of the extraction by ultra-sound
The extraction of herbal material by the process of maceration was carried out with herbal materialdissolvent ratio (1:10, m/v). A Banderline electronic KG ultrasonic apparatus, 50/60 Hz, was employed for the intensification of the extraction. Methanol was used as a solvent in both cases.
Determination of the content of extract matter
Macererated plant material (10 g) was weighed into a 250 cm 3 Erlenmeyer flask with a ground stopper and covered with 100 cm 3 of the extraction agent. At the end of the maceration cycle, the extract was separated from the residual plant material by vacuum filtration. The solvent was evaporated under vacuum. The residue was dried in a vacuum oven at 50 ºC until constant mass was attained.
Determination of the content of extracted matter in the starting drug, q 0
Macererated plant material (10 g) was weighed into a 250 cm 3 Erlenmeyer flask with a ground stopper and covered with 100 cm 3 of the extraction agent. The extraction was carried out by the ultrasonic maceration method for a period of 30 minutes. The already extracted drug was extracted two more time, by the same procedure, with fresh solvent. The value of q 0 was obtained by summation of the values of the dry residues. Scheme 1.
Scheme 2.
The content of total hypericine in the extracts was determinated spectrophotometrically and by HPLC (as the sum of the content of hypericine and pseudohypericine).
Spectrophotometrically determination of total hypericine
Before the extraction of naphthodiantrone, the chlorophyll was removed with petrol ether. The herbal material (1 g) was extracted two times with petrol ether (2´10 min) in a ultra-sonic bath. The greenish petrol ether phase was rejected. The extraction of naphthodiantrone was carried out with 10 cm 3 of methanol and pyridine mixture (97 : 3) and left standing for 2 h. The absorbtion of sample of the final solution was measured at 590 nm, using a Perkin-Elmer Lambda 15 UV/VIS Spectrophotometer (UV WinLab Software). The calculation of the total hipericine was carried out using the formulation: The contents of hypericine and pseudohypericine were determined using calibration curves of the standard substances. There was a strong dependence between the peak surface area and concentration. Values of the correlation coefficient (r) for the calibration curves of hypericine and pseudohypericine were 0.999 and 1, respectively. Standards of the Institute for Organic Chemistry at Göttingen (The Laboratory of Prof. Dr. Hartmut Laatsch) were used.
Determination of the kinetic parameters of the extraction
The values of the parameters for fast extraction can be determined by investigation of the extraction kinetics. The quantity of extracted matter in the period of fast extraction basically defines the extraction rate and it is expressed through the coefficient of fast extraction, b. On the basis of experimental results and the equation:
which represents one of the solutions of the equation of non-stationary diffusion by Fika method of the least quadrant, the parameters a and k, as well as the coefficient of fast extraction, b (b = 1-a) 9 were calculated by analysis of dependence log q i /q 0 from t.
RESULTS AND DISCUSSION
The results of the kinetic investigations of the extraction of extracted matter (resinoids) from amber by the application of the maceration procedure both with and without ultra-sound, are shown in Figs. 1 and 2 . On the basis of the results of the kinetic investigations of the extraction system amber -methanol, it can be seen that the period of fast extraction was shorter when the extraction was intensified by ultra-sound (20 min) than during extraction without ultra-sound (5 h).
The dependencies of the yield (Y) of total hypericine, hypericine and pseudohypericine on the extraction time (t) by the procedure of maceration both with and without the application of ultra-sound , are shown in Figs. 3 and 4 . The content of total hypericine was determined by a spectrophotometric method. 11 The spectrophotometrically determined values are greater than those obtained by the addition of the content of hypericine and pseudohypericine, determined by HPLC (the increase in absorption originates from the presence of other accompanying substances which absorb at 590 nm). The contents of resinoid, total hypericine (spectrophotometrically), total hypericine (HPLC), hypericine and pseudohypericine in the starting drug, q 0 , amount to 27.09, 0.1384, 0.1055, 0.0469 and 0.0586 ( %, g/100 g drug), respectively. The calculated values of the coefficient of fast extraction (b) and the coefficient of slow extraction (k) during the extraction of resinoids, total hypericine, hypericine and pseudohypericine by the procedure of maceration both with and without ultra-sound are given in Table I . The obtained results show that the values of the coefficient of fast extraction in all the tested cases are approximately the same, because they refer to herbal material of a relatively high degree of pulverization. The obtained values of the coefficient of slow extraction are significantly larger than the intensification of the extraction by ultra-sound. 
CONCLUSION
The obtained results show undoubtedly that the process of amber extraction was significantly activated by the application of ultra-sound. The curves of the change of the yield of extracted matters in dependence on the duration of extraction both with and without the application of ultra-sound have approximately the same shape. The values of the coefficient of fast extraction (b) in all the tested cases were approximately the same, because the starting to herbal material already of relatively high level of pulverization. It can be concluded that the dominant role in the extraction was the transference of mass. 
